A survey of respiratory symptoms, lung function tests, and chest radiography was carried out among the fluorspar miners of St. Lawrence, Newfoundland, in whom the incidence of carcinoma of the lung (De Villiers and Windish, 1964) had previously been shown to be 25 times greater than for the rest of the province.
In their analysis of the mortality data for the town of St. Lawrence, Newfoundland, de Villiers and Windish (1964) found an incidence of carcinoma of the lung over 20 times greater than that in the rest of the province of Newfoundland. From 1956 to 1960, 157 deaths due to this condition were reported for the rest of the province, giving a mortality rate of 0-092 deaths per 1,000 population, whereas in St. Lawrence the rate was 2-33 per 1,000 population (1956 census, males aged 20 and over, 454). An occupational factor associated with mining the ore of several fluorspar mines was suspected. An analysis of the ore mined did not reveal the presence of minerals previously associated with lung cancer, but high concentrations of radon daughters, suspected of being carcinogenic, were demonstrable in some areas of the two mines still operating.
Because of these findings, a health survey of the miners and ex-miners of St. Lawrence was carried out by the Department of National Health and Welfare, Ottawa. Interest was focussed on factors which might have a bearing on a high attack rate of carcinoma of the lung, to which the present miners were presumably also subject, particular attention being given to respiratory symptoms, disability, and smoking habits.
Material, Procedure, and Methods
The population studied included all the 280 men employed in any capacity in the two mines when the survey was undertaken in August, 1960 . A further 94 men resident in the town of St. Lawrence entered the study on a voluntary basis. This group included many ex-mine employees who wished to avail themselves of the opportunity for a free medical examination because they were aware of the suspected high incidence of carcinoma of the lung in the employees of the two mines. Ten volunteer subjects from the neighbouring fishing town of Grand Bank were also studied, making a total of 384 men registered in the survey. Complete information was not obtained from 23 men (see defaulters, In the present study 'chronic bronchitis' was considered to be present if three positive answers were obtained to the four questions on respiratory symptoms noted above.
Smoking habits, recorded in detail on the questionnaire, were graded according to the amount of tobacco smoked daily, assuming one cigarette to be equivalent to I g. tobacco, and 1 oz. pipe tobacco to be equivalent to 28 g. tobacco (Doll and Hill, 1950) . Men who had smoked previously but stopped smoking for a year or more were classified as non-smokers.
The physiological tests done on each man were as follows:
1. Indirect maximal breathing capacity (Indirect M.B.C.), in 1./min. B.T.P.S., obtained from the F.E.V.0.75 (Gandevia and Hugh-Jones, 1957) B.T.P.S., calculated from the same tracing in the manner described by Leuallen and Fowler (1955) . 3. Peak flow rate (P.F.R.) measured on the Wright peak flow meter (1./min.) (Wright and McKerrow, 1959) .
For these tests the reported results are the mean of three attempts except where one attempt differed by more than 25% from the other two, when the mean of these two was reported.
For comparison, the normal values for these three tests were predicted as follows: 1. Indirect M.B.C. from age and height using the regressions of Goldman and Becklake (1959)*; 2. M.M.F. from age and height using the regression of Bates, Woolf, and Paul (1962) ; and 3. P.F.R. from age using the regression of Tinker (1961) .
Chest radiographs (14 x 17 in. (35'5 x 43 cm.)) were taken for each man, and all plates were read by two experienced observers.t A clinical examination, urinalysis, E.C.G., and haemoglobin and haematocrit estimations were also performed for each subject but are not reported here.
The mining service of each man was computed to the nearest month from the payroll records of the mine, and an attempt was made to group the men according to dust exposure as follows:
Group 1.-Men with no mining service: included in this group were men who had been on the mine payroll in any capacity for less than 12 months.
Group 2.-Men with significant mining service (minimum over 60 months, mean 155-9 months) on nondusty jobs (i.e. all surface installations except the crusher house) and minimal exposure (less than 20 months, mean 2-3 months) in dusty jobs (i.e. in the crusher house or underground). If their exposure on dusty jobs was between 20 and 60 months, they were classified as group 4, i.e. mixed service.
Group 3.-Men with significant mining service (minimum over 60 months, mean 130-8 months) on dusty jobs (i.e. in the crusher house or underground), irrespective of what time they had spent in non-dusty jobs.
Group 4.-Men whose mining service did not qualify them for the above groups, either because it was mixed, i.e. involved work in dusty and non-dusty jobs, or because it was less than 60 months on either dusty or non-dusty jobs.
The composition of these four groups for age, together with the mean values for mining service and body surface area, are shown in Table 1 .
Results
Prevalence of Radiological Changes.-Of the 258 men studied who had over 12 months' exposure in dusty occupations, i.e. miners, workers in the crusher house, and men with mixed service, five showed radiological changes of pneumoconiosis, a prevalence of 1-93 %. Another five were considered to have pre-silicotic changes, i.e. an increase in the lung markings.
A further 14 men were considered to have evidence of mild healed tuberculosis. All these men were miners, and 11 had had more than 60 months' service; the prevalence of healed radiological tuberculous disease among the miners was thus 3-9%. tDrs. A. R. Riddell and R. B. Sutherland, of the Pneumoconiosis Referee Board, Ontario, read the films using a classification based on that published in the Miner's Phthisis Medical Bureau: Report for the three years ended July 31, 1935: Union of South Africa. Cases read as 5 (generalized arborisation with partial mottling) and 6 (generalized small mottling) were considered to have pneumoconiosis and are so reported in this paper.
*A 15% reduction of the predicted value was made since the study was done at sea-level, whereas the data of Goldman and Becklake were collected at an altitude of approximately 6,000 ft. above sealevel. Table 2 , and was 4 %, 16-2 %, and 22-1 % respectively in the non-miners, the surface workers, and a combined group comprising miners, mill workers, and men with mixed service, i.e. the population at risk in Table 3 and Fig. 1 (Leuallen and Fowler, 1955) ; P.F.R. = peak flow rate (I./min.) (Wright and McKerrow, 1959) . Association of Occupation and Disability (Table 4  and Fig. 2 ).-The indirect M.B.C. and M.M.F. in non-miners (group 1) were in general higher than in all other groups though these differences were not significant at the 5 % level. The only exception was in the 20-29 year group where these two tests were similar in groups 1, 2, and 4, whereas the men with appreciable dust exposure (i.e. miners and workers in the crusher house of group 3) had values significantly reduced.
P.F.R. values in contrast were similar in age groups up to 40 years. Surface workers in the 50-59 year span had significantly lower values than nonminers and miners, while the small numbers in the 60-69 year group made interpretation of the changes difficult.
Smoking Habits (see Table 5 ).-Though there were fewer non-smokers and more heavy smokers among miners and workers in the crusher house (group 3) compared to the other three work groups, these differences are not significant at the 5% level when tested for the difference between proportions (Arkin and Colton, 1956) .
Similarly, when the smoking habits of the 153 men in all the work groups who had no chest symptoms were compared with those of the 57 men from all groups who were considered to have 'chronic bronchitis', there was no significant difference (P > 0-05) in the proportions of non-smokers and heavy smokers.
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St. Lawrence smoked heavily was confirmed by finding that the proportion of heavy smokers among the present group of miners and mill workers was considerably higher than in other studied groups of miners, e.g. coal miners and ex-miners in Leigh and Stavely (Higgins, Cochrane, Gilson, and Wood, 1959) both in England, and in Pennsylvanian coalminers (Pemberton, 1956 ). Smoking underground is not permitted in coal-mines, in contrast to the St. Lawrence fluorspar mines. The proportion of heavy smokers in group 1 (i.e. men with no mining service) was also high, however, and was significantly greater than in a group of city dwellers in Berlin, New Hampshire, studied by Anderson and Ferris (1962) .
Discussion
The incidence of pneumoconiosis among the men currently employed in the St. Lawrence fluorspar mines who had had 12 months or more exposure to mine ore either in the mill or in the mine itself was only 1-93 %, a low figure compared, for instance, to the range of 9X1 % to 41 % reported by Rogan, Ashford, Chapman, Duffield, Fay, and Rae (1961) in the working population of eight collieries in different parts of the United Kingdom.
By contrast, the incidence of 'chronic bronchitis' among the St. Lawrence miners is comparable to what has been found among coal-miners in the United Kingdom, while the low incidence in the non-miners of the-St. Lawrence area is comparable to reported figures for rural populations elsewhere (Table 2) . It must be borne in mind that the definition of 'chronic bronchitis' used in this study is not the same as that used in the United Kingdom. However, the criteria for the diagnosis in all instances are symptomatic, requiring usually the presence of three respiratory symptoms (Rogan et al., 1961) or, in the case of studies from the Pneumoconiosis Research Unit, two symptoms, namely sputum and a chest illness, the third symptom being the cough necessary to raise the sputum. The higher incidence among Pennsylvanian coal-miners is surprising since Pemberton's (1956) criteria included reduction in a lung function test and were therefore more rigid than the present criteria.
A significant deterioration in lung function appeared to be associated more closely with the presence of 'chronic bronchitis' (Fig. 1) than with exposure to dusty conditions in so far as this exposure is related to the various occupations listed. This is in keeping with observations elsewhere on miners (Higgins and Cochrane, 1961; Becklake, Zwi, and Lutz, 1959) . The only exception was in the miners aged 20-29 years whose ventilatory tests were significantly lower than those of men in other occupation groups. Admittedly the ventilatory tests in non-miners were better for all age groups than for men employed in the mines in any capacity, but these differences were not statistically significant in any other group.
The possible relationship of any of the factors mentioned to the high incidence of carcinoma of the lung in St. Lawrence miners deserves consideration. The presence of pneumoconiosis in miners elsewhere does not appear to predispose to the development of carcinoma (Chatgidakis, 1960) , and the low incidence in the St. Lawrence miners makes it reasonable to exclude this as a pertinent factor. It is less easy to assess the relevance of bronchitis. Its higher incidence among city dwellers has been attributed to atmospheric pollution (Fairbairn and Reid, 1958) , a factor which has also been held responsible for the higher death rate from carcinoma of the lung among city dwellers (Stocks, 1959 were successful in discriminating symptom-free subjects from men with 'chronic bronchitis' in the two age spans, 40-49 years and 50-59 years, whereas the P.F.R. only discriminated in the latter group (see Fig. 1 ). The greater discrimination value of tests which are dependent on the later phases of a forced expiration (i.e. indirect M.B.C. and M.M.F.) has also been pointed out by Fairbaim, Fletcher, Tinker, and Wood (1962) and is in keeping with the work of Fry and Hyatt (1960) , who showed that, whereas maximum expiratory flow rates are developed in the early part of a maximal expiration when flow is effort-dependent, in the later phases the maximum flow rates are relatively independent of effort and therefore presumably are dependent on intrinsic bronchial anatomy. Thus while all three tests used are dependent on the size of the preceding inspiratory volume (i.e. are volume-dependent), the P.F.R. has the additional theoretical disadvantage of being a measurement made in that phase of expiration when flow is effort-dependent. On the other hand, the indirect M.B.C. calculated from the F.E.V.0.75 and the M.M.F. depends on an average of flow rates achieved by prolonging the observation time into the phase of expiration when flow rates are relatively independent of effort.
This study was carried out in the same circumstances as that of Drs. A. J. de Villiers and J. P. Windish (see this journal, p. 94). The present authors endorse their acknowledgements of assistance received.
